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By William J. Underwood and Tellclen F. Fullmer, Jr.

SUMMARY

An Invesztigatlon was made 1n the Langley two-
dimensional low-turbulence tunnels of a retractable
spoller alleron on the NACA 66(215)-216 (anprox.) air-
foll with a 25-mnercent-chord slotted flap. The spoller
alleron, essentlelly & curved thin plate arrangeéd to
rotate abcut a hinge at the center of curvature, moved
edgewise Iinto and out of the wing through a narrow slot
In the upper surface at 75 psrcent of the alrfoil chord.
The effect of spoiler thickness, svoiler gap, spoller
bavel angle, spoller roughness, uand flap deflectlion on
ths aerodynamlc chargecteristizs of the spollar sileron
ares presented hereln,

The results indicate that the hinge-moment charac-
teristica of the retractable spoller alleron were greatly
affected by spoiler thilckness, rear-gap slze, and the
bevel angle of the upper face of the spoller. Tha best
hinge-moment characteristics of the configuratlions tested
ware obtgined with the thinnest (0.0028c) spoiler which
had a 17 bevel angle on the upper and lower fuaces and
roughness on the upver face, the largest (0.0100c)
spoller rear gap, and the 0.0013c spollsr forward gap.
The swoller alleron was affective in producing a substan-
tlial decreass In the sectlon 1lift coefflilclent for all
negative spoller deflections larger than -3°, The
spoller effectiveness varameter Aay/Abg for deflections

above ~10° was practically unaffected by increasin

the test RMeynolds number from 2.5 to 6 million. With
the snoller in the retracted position, alr flow through
the cut-outs for the spoller 1n the upper surface of the
alrfoll caused an increase of approximately 12 percent
in the minimum proflle-drag coefflclent. The increments
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of sectlon pltching-moment coefficlient of the alirfoll
produced by the spoller alleron were less positive than
those produced by a plain sealed flap of equal effec-
tiveness. The advantage of the smaller increments of
section pltching moment assoclated wlith spoller allerons
with respect to the lateral-control reversal speed of an
alrplane, however, may be ofrset by the relatliwvely larger
span requlred for spoller ailerons.

INTRODUC TION

At the request of the Army Alr Forces, Alr Technical
Service Command, tests were conducted to determine the
section aerodynamic characteristics of the NACA 66(215) 216
(approx.) alrfoll section equipped with a slotted flap
and a retractable spoller alleron. This investigation
was carried out for the purpose of furnishing section
aerodynamlic data for a retractable spoller alleron to
be used in combination wilth 20-percent-chord internally
balanced allerons for lateral control wlth aoproximately
a 90-percent-semlspan slotted flap for the wing of the
Hughes XF-1l alrplans (fig. 1). The internally balanced -
alleron, located outboard of the slotted flap, was
designed to be used as a feeler alleron which requlres
that the wheel force due to deflection of the spoller
elleron be small 1n magnitude as compared to the wheel
force resulting from deflection of the feeler alleron.

Tests to determine the spoller louad, effectiveness,
hinge-moment, and eirfoll profile-drag characterilstics
were carrled out iIn the Langley two-dimensional low-
turbulence tunnel. Additional tests at a higher Reynolds
number to dotermine the spoliler effectiveness, airfoll
profile drag, and pltching moment were carried out in
the Langley two-dimensional low-turbulence pressure
tunnel. :

SWBOLS AND COEFFICIENTS

Qo alrfoll sectlon ungle of attack
¢y alrfoll section 1l1ft coefflclent

Cd, alrfoll sectlion proflle-drag coefflclent
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cmC/).l.
Q0
S F

Acy
Aggy

Aa, .

Abg

Acmc/h-

alrfoll section piltchlng-moment coefficlant
about quarter-chord point. ... ..

Free-atream dynamic pressure

spoller aileron deflectlion, poslitive when the
upper face i3 deflected below alrfoil upper
surface

flap deflectlion, positive when the tralllng edge
1s deflected down

free~-stream total prassure

local static preasure
Hy - F
LY
spoller aileron hinge moment, »nositiwve when
spollor tends to retraet Into recess

pressure coefflcient

mean radius of spoiler alleron
thickness of spoiler alleron
span of spoller aileron

spoller ulleron sectlon hinge-moment coeffl-
clent ————
qORmtbs

increment in section 11ft coeffieclent dus to
spoller alleron deflection megsursd-at a
conatant angle of attack

increment of section angle of attack due to
spoller alleron deflection measured at a -
conastant 11ft coefflclient

sectlon- alleron effectliveness parameter, ratlo
of change in sectlion ungle of attack to
Increment of spoller aileron ueflection to
maintain constant-lift ~

increment of section pitching-moment coefficient
at conastant 1ift due to spoller aileron
deflection
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MODEL"

A cast aluminum model having a 2li-inch chord and
35.62-1nch span was made to correspond to the contour
of an Intermedlate.sectlon of the wing of the Hughes .
XF-11 airplane (fig. 2). The model was equipped with a
25-percent-chord slotted flav. The ordlnates of the
airfoll including the flap are glven in table I.

A retractable snoller alleron having a span of
33.4); inches was Installed at the 75-percent-chord
statlon and rotated. about a hinge axls at a point
66.l; vercent chord aft of the leading edge and
5.51 percent chord above the chord line of the airfolil.
Inasmuch as the width of the tunnel-test sectlon 1s
36 inches, a gap of approximately 1.25 inches existed
between each end of the spoiler and the tunnel wall.

The spoller alleron retracted through the uoper surface
Into a recess within the alrfoll contour. The model

was 80 deslgned that the thicimness of the spoller allsron
and the rear gap between the spoller rear face and the
upver surface of the alrfoll could be varied. The for-
ward gap between the spoller front face-and the upper
surface was held constant at 0.13 percent chord regardless
of the spoller thickness or rear-gap slze. p sketch of
the general model arrangement showing the spoller and
spoiler-slot detalls 1s glven 1In figure 3. As shown in
figure 3, the spoller alleron was a curved nlate with

the orlginal uoper and lower faces formed by radlal lines
through the hinge axis. During the lnvestligation the
upper and lower faces of the snoliler were bsvelsed as
shown in figure 3. Hereafter the angle between the
original radlal and the altered surface will be referred
to a3 the bevel angle. With a bevel angle of 17°, both
the upner and lower faces of the spoller were parallel

to the alrfoll surface when they emerged from the alr-
foll. The spoller alleron was sunported along the span
of the model by webs (figs. 2(a) and 3) located at

5.03 inches and 1l;.97 lnches either slide of the center
line of the model span. To allow fres movement of these
woebs for full-spoller deflection, chordwlse slots were
cut at the four positlons as previously noted. A typlcal
cut-out in the upper surface is shown in figure l. Pres-
sure oriflces were lnstalled in the center of the span

of the 1.04-percent-chord-thick spoller at positions
shown in figure 5 and in the alleron recess at the posl-
tions shown in flgure 3.
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The relation between spoller deflection in degrees
as presented in the results herein to svpoiler projection
 in percent chord-is shown in figure 6.-

APPARATUS AND TE3TS

Lift, drag, and pltchling-moment measurementa of
the model were made by the methods described in refer-
ence 1. The hinge moment of the spoller alleron was
measured by means of a callbrated torgque rod. The -
followling factors were applled to correct the tunnel
data to free-alr condltions:

o, = 0.97Tey!
cg, = 0.989cd°'
®mg ), " 0'989°mc/h'

G, = 1.015¢,!

where the primed quantities renresent the values
measured in the tunnel.

Table II gives the model configurations tested in
the Langley two-dimensional low-turbulsnce tunnel at a
dynemic nressure of approximately 53 pounds per square
foot, which corresponds to a Reynolds number of 2.5 million
and a Mach number of 0.18. Configuration 9 of table II
was also tested iIn the Langley two-dimensional low-
turbulence pressure tunnel at a dynamlc pressure of
approximately 76 pounds per square foot and a tank pres-
sure of 60 pounds per square inch, which corresponds to
a Reynolds number of 6.0 million and a Mach number
of 0.1l1l.

The roughness applied to the upper face of the
spoller alleron for configurations 7 and 9 conslsted
of 0.0l=inch carborundum crystals lmbedded 1n shellac.

RESULTS AND DISCUSSION

The results of this Investigation are presented in
table IIT and figures 7 to 20. The surface pressures
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obtalned over the svollsr surface and 1In the spoiler
recess are nresented In table ITI in the form of the
pressure coefflclent S and should provide data for the
structural design of the apoliler,

Hinge-moment characteristics of spoller alleron.-
The efTect of a decrease In s 'ﬁBIIEF‘EIIE?BE’FEE?—EEE
on the hinge-moment coefficients of the 1,0l-percent-
chord-thick apoilsr 1s shown In figure 7. A study of
flzure T(a) shows that the hinge-moment coefficients of
the spoliler alleron at an angle of attack of 0° vary
irregularly with spoller deflection and excsssively
high positlive hinge-moment coefficient exists at spoiler
dsflections of apnroximately -2° and -50°, As the rear-
gap slze was decreased, the hinge-moment coefllclents
becams more negative and the Irrsgular varlation of the
hinge-moment coefflclents Iincreased to such an extent
that finally the svoller (configuration li) became over-
balanced through the greater part of the deflectlon
range. The effect of reducing the rear gap was aporoxi-
mately the same for an angle of attack of 7.11° as for
an angle of attack of 0° Increasing the angle of
attack also caused the high positive hinge-moment
coefficlents for small negative spoliler deflectlons to
be reduced. The hlnge-moment characterlstlics of the
spoiler alleron were anoroximately the same for the
flap retracted and deflscted condltions (fig. Z(b))
Since the hinge moment of the spoiler alleron 1s due
to the difference in the pressures omn the upner and
lower faces of the spollern a rapid change In these
pressures wlll cause a corresapondlng change In the
hinge moment. Thlis pressure change accounts for the
rapld change in the hinge-moment coefflclent Just as
the upper face of the spoller emerges from the recess.

If the followlng alrplane dimensions and condltlons
are assumed:

Wing area, square feet . . « « v« v ¢ o o « ¢ « 939
we 18ht pomds L ] L ] L] . L] ® L] [ ] L] L] [ ] L ] L ] L ] hs ooo
Control whesl dlameter, feet e s s s e s e s e e« Ll.25

Area moment of (one) spoller alleron upper
fuce about the hingg axils, cublec foot 0.28

(30<68<-3°) *» & e e v e 9 ,-l-

Mechanical advantage
8 (-L|-5° < 58 < '510) . [] . ° e 1
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the approximate wheel force at L0O mliles per hour at
15,000 feet required to hold the sroller alleron con-
figuration 1 (fig. T(a)) at a deflection of -2° would
be 7.6 pounds and at -50°0, 2 pounds. From the hinge-
moment characteristics (fig. 7) and from.the. approximate
wheel-force calculations i1t was apparent that the wheel
force due to deflection of the 0.0l04jc-thick spoiler
with any of the rear-gan sizes tested would be uneven
and, at times, excessive, In order to reduce the absolute
magnitude of the spoller hinge moments, the thickness

of the spoiler was reduced from 0.0104c to 0.0028c.
Attempts were made to reduce the ilrregular variation of
hinge-moment coefflclent with spoller deflectlon by
beveling the faces of the apoller.

The effect of varlous bevel angles of the unper and
lower faces of the thin svoiler is shown in figure 8.
A comparison of the hinge-moment characterilstics of
configuration 1 (fig. 7) wilth configurations 5 and 8
(fig. 8) shows that, in general, beveling the upper
end lower faces and reducing the thlckness of the spoiller
cauged the peak hinge-moment coefficlents occurring at
spoiler deflections of -2° and -50° to be opposite in
sign and avproximately half the magnltude of the curve
for configuration 1. Comvarison of the data for various
bevel angles at low angles of attack presented 1n fig-
ure 8 shows that the hinge-moment characteristics for
small deflections are extremely sensltlve to relatively
small changes in the bevel angle. As the spoller lower
face emerges from the recess at a deflection of -l70
(fig. 6), the hinge-moment coefficlents showed & rapild
change at negatlve deflections greater than approxi-
mately -;5° as a result of air flow under the spoiller
lower face.

The effect on the hinge-moment characteristics of
applying roughness to the upper face of the spoller is
shown by comparing flgures and 9. It can be seen that
the application of roughness to the upper face of the
spoiler (configuration 9) eliminated some of the
irregularities in the hinge-moment-coefficient curves
near 00 gpoller deflection. This change is bellieved to
be due to the roughness causing irregular flow of the
elr over the upper face of the spoller alleron as it
emerged from the recess and thls irregular flow, in turn,
tended ' to spread ‘the rapid changes 1n pressure loading
which were responsible for the unstable hinge-moment
characteristics near zero spoller deflection over a
larger range of spoller deflections. These results
would indicate that further improvement ln the hinge-
moment characteristics could be obtalned by scalloping
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the upper face of the apoiler spanwise or by rigging the
spoller in such a manner that the varlous sections of
the spoller along the wing span would not emerge from
the recess at the same time.

The hinge-moment coefficlents for spoller alleron
configuration 9 are presented in figure 1Q for various
angles of attack at flap deflections of 09, 209, and L0°.
With increasing angle of attack the large change 1in
hinge-moment coefflclents for small deflectlons was
reduced with the result that the hinge-moment coefficlents
varled almost llinearly with spoller deflection at the
higher angles of attack. If the aforementioned airplane
dimensions and condltlions are again. assumed, the approxi-
mate wheel force at hOO miles per hour at 15,000 feet
required to hold the spoiler alleron configuration 9 at
a deflection of -2° would be 3.3 pounds and at -45°,

12 pounds. From the hinge-moment characteristics (fig. 10)
and from the approximate wheel-force calculations 1t was
apparent that the wheel forcesa corresponding to the
observed hinge-moment coefflclents of spoller aileron
configuration 9 between deflections of 3° and -45° would
be small In magnlitude as compared to the wheel forces

due to the deflection of the feeler allerons. Furthermore,
to obtaln a smooth variation in the wheel force for

small deflections of the control wheel, 1t would seem
advantageous to rig the spoller and feeler allerons 1in
sauch a manner that the negative deflection of the spoller
would lag the deflection of the upgoing feeler alleron

by sevsral degrees.

Effectlveness of spoller alleron.- The effect of
changes In Che spoller rear-gup size, bevel angle, and
the appllication of roughness to the upver face of the
spoller on the ssction lift characteristics was small,
as shown in flgures 7, 8, and 9. As mentiloned nreviously,
at a deflection of -47° the lower face of the spoller
emerges from the recess and the thln spoiler alleron at
that deflection becomes lneffectlive in producing any
further change 1n the section 1lift coefflclent,

The effect of angle of attack and flap deflectlon
on the section 11ft characteristics of the alrfoil
produced by the deflectlicn of the spoller alleron is
presented in figures 10 and 11. Inasmuch as the spoller
alleron, since it 1s used on only one wing at a time,
does not operate at approximately constant 1lift as with
conventional allerons but at some condltion between
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constant 1ift and constant angle of attack, an analysis
of the effectliveness of the spoller alleron has heen made
at " both constant angle of attack and constant -lift.

The effect of changes In the angls of attack and
flap deflection on the ‘Increment of section 1ift coef-
-flclent Acj; due to spoller deflactlon 18 shown in
flgures 12 and 13. In‘'general, the Increment Ac; due
to a glven deflection of the spoller decreassed as the
angle of attack was increased (fig. 12) Between angles
of attack of approximatelg 0° to 0
-4° to 4O at & 209, 29 to 9° at 5 ﬁo increaeing
the test Reynofds number from 2.5 to g million caused
a decrease In the lncrement Ac; or effectlveness of
the spoller alleron when based on the constant ungle-
of-attack conception. At the higher angles of attack,
the increment Acyg increased with Reynolds number,

This effect was caused by an lncrease in the 1i1ft and
lift-curve siope at the higher angles of atbtack with

the spoiler neutral, simlilar to that shown in figure 1,
in combinatlion with a decrense 1n the lift-curve slope
wlth the spoller deflected up. The increment Ac; for
all spoller deflections increased with flap deflectlion
up to 20° (fig. 13). At a flap deflection of L0° the
increment Ac; increased further for spollser deflections
greater than -10° and decreaeed for swoller deflectlons
less than and including -10° The results at a flap
deflection of 40° (flg, 12) show.that for a Rgynolds
number of 6 million a spoiler deflectlon of -30 was
Ineffective in producing any change in the 1lift at
angles of attack less than 7°,

The effectiveness of the spoller ailesron based on
the constant 1ift conceptlion is shown 1in figure 15.
It can be seen that the effectlveness parameter AaQo/Abdg

varled considerably with spoller deflectlion and only
8lightly with 1ift coefficient except for spoller
deflections of -5° and -10°. 1Increasing the flap
deflection from 0° to L0® caused the effectiveness
parameter to Increase for spoller deflections larger

than -1Q° Increasing the test Reynolds number from

2.5 to 6 million caused only a slight change in the
effectiveness parsmeter for spoller deflections larger
than -10°., Within the Réynolds 'number rarge investigated,
therefore, 1t 1s apparent that only if the spoller effec-
tiveness analysls 1s based on the constant angle~of-attack
conceptlion instead of constant 11ft will scale effect
cause &n appreciable decrease in the spoiler effectiveness,



10 MR No. L5C29

The increment "Aag due to deflecting the spoller
alleron to -45° would be 7.4° (fig. 15, o = 0.2,

8p = 0°) as compared to an increment Aa, Of approxi-

mately 18° due to a total deflection of L0° (¥20°) for

a 0.20c conventlonal alleron. It 1ls apparent, therefore,
1f equal rolling veloclties are to be obtained, & spoiler
alleron of the type tested should cover a larger portion
of the wing semispan than a conventlional alleron. This
longer spoller span 1s entirely feasible, however,
because of the small wheel forces resulting from use of

a spoller of the type lnvestigated.

Airfoll drag.~ The effect of the total spoller gap
in the uvper suriace on the drag characterlstics of the
airfoll at a Reynolds number of 2.5 million 1s shown
in figure 16. These results show that the section
profile-drag coefficlent was lowest with the 0.0lllc
spoller total gap. The spanwlse varilation of the sectlon
proflile-drag coefficlent of the airfoil at a Reynolds
number of 6 million with spoiler aileron configuration 9,
which had a total gap of 0.0llle, 1s shown in figure 17.
The peaks occurring in the drag-coefficlent curves
(figs. 16 and 17) at 5 inches elther side of the center
line apvear:-to be caused by alr flow 1in the chordwise
slots in the alrfoll upper surface. (See fig. l.)
Profile-drag-coe fficlent polars for different spoller
deflections are vresented in figure 18. The section
profile-drag coefficlents rrésented In thils figure were
average valuos obtained from surveys over a 20-inch
section of the model span-as shown in figure 17. Becaude
of the difficulties in making wake surveys behind the
deflected spoller, the nrofile-drag-coefficlents may be
In error as much as 15 percent.

The effect of leakage of alr in and out of the
slots on the proflle-drag coefficient of the alrfoll
with the spoller retracted 1as shown in figure 19, It
can be seen that the minimum profile-drag coefficlent
of the airfoll was increased approximately 12 percent
by alr flow.

Alrfoll pltching moments.- The pltching-moment
characteriatics of Eﬁe alrioll section at several -
spoller alleron deflections are shown in figure 1ll.
Because the change 1n pltching moment produced by lateral-~
" control devices 1s of primary lmportance for determining
the lateral-control reversal . speed, figure 20 presents
the increment in the pitchling-moment coefficient A°mc/h
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based on the increment of section angle of attack
produced by deflection of the spoller alleron. A
study of figure 20 shows that as the flap was deflected,
the increment Acmc increased, and as the 1ift coef-

ficlent was 1lncreased, the increment decreaaed.

The 1lncrement Abmc at o3 = 0, for the same

alrfoll (NACA 66(215)-216) with a 0.20c sealed plain
flap (reference 1) wes included in figure 20 to judge

the relative merlits of the spoiler aileron snd a plain
sealed flap wlth respect to wing twiast or lateral-control
reversal speed. When a comparison i3 made at the same
Increment of sectlon angle of attack, the increment of
gection pltching moment .produced by the spoller alleron
is about 60 percent of the increment of section plitching
moment produced by a 0.20¢ plaln segled flap or allsron.
This agrees with the conclusion of reference 2 that the
section pitching moments produced by spoller allerons
were less positive thuan those produced by the plain

flaps of equal effectivensss, The advantage of the
smaller increments of section pitching moment assoclated
with spoller allerons with resvect to the lgteral-control
reversal speed of an airplane, however, may be offset

by the relatively larger span required for spoller
allerons,

CONCLUSIONS

The results of this investigation of a retractable
spoller alleron used as a lateral-control device on an
NACA 66(215)~-216 (approx.) alrfoll section with a
0.25c¢ slotted flap indicated the following conclusions:

1. The hinge-moment characteristics of the
retractable spoller alleron were greatly affected by
spoller thickness, rear-gap slze, and bsvel angle of
the upper face of the spoller. The best hinge-moment
characterlistics of the conflgurations tested were
obtained with the thinnest (0.0028c¢c) spoiler which
had a 17° bevel angle on the upper and lower faces of
the spoller and roughness on the upper face, the largest
(0.0100c) spoller rear gap, and the G.00l3c spoller
forward gap.

2. The apoller alleron was effectlive 1in producing
a substantlal decrease 1n the section 1l1ft coefflclent
for all negative spoller deflections larger than -3°,
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3. The spoiler effectiveness parameter Aay/Abg

for deflections above -10° was practically unaffected
by increasing the test Reynolds number from 2.5 to 6 mil-
lion.

. With the spoiler in the retracted position, alr
flow through the cut-outs for the apoller in the upper
surface of the alrfoill caused asn incresse of approxi-
mately 12 nercent in the minlmum profile-drag coefficient.

5. The increments of sectlon pltching-moment coef-
ficlent of the alrfoll produced by the spoller alleron
were less poslitlive than those produced by a plain sealed
flap of equal effectiveness. The advantage of the
smaller Iincrements-of sectlion pitching moment assoclated
wlth spoller allerons with respect to the latersl-control
reversal speed of an alrplane, however, may be offset
by the relatively larger span required for spoiler
allerons.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautilcs
Langley Fleld, Va.
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TABLE I
ORDINATES FOR THE SPOILER AILERON FLAP NODEL FOR THE HUGHES XP-11 AIRPLANE

Eitgtiona and ordinates are given in percent of the airfoil chord]

Alrfoil Flap slot Flap
Station 'Upper airfoll|Lower airfoll Upper slot Lower slot Upper flap . Lower flap
. “ordinate ordinate _ordinate ordinate. ordinats | ordinate
Q 4] 0
0.50 1.3 1,02}
0.75 1.55 1,
1.25 1.921 1,563
2.50 2.602 2.11
5.00 ﬁ.621 2.89
7.50 1438 a.507
10 2.126 .022
15.00 24 L .84é
20.00 7.112 5.481
25,00 3.785 2.965
30.00 .zzg .33
5.00 8.6 6.52
0.00 8.906 ’ é.g 2
L5.00 3.018 6.827
50.00 .295 6.285
55.00 8.817 6.622
60,00 B.gsg 6.287
65.00 01 E.? 9
70.00 954 .982
U617 |  —-ee- 4.138 1.456
75.00 5.898 L.o71 0.109 3,037 2.28L
75.625 T.E. Radiua =
76.25 5.608 1.Zag 0.125 1.067
835 | 243 51505 R LT
ao.oo ﬁ.7 3,084 3.660 3.293 3.08L
81.25 L.400 3.8%3 3.55g
82.50 L.092 3.921 3.66
83.125 T.E. Radius =
83.7% 0,032 3.634
85.00 3. ﬁ 2.081
90.00 2.1 : 1.126
92.50 1.562 0.698
95.00 0.98) 0.338
97.50 0.470 0,092
100.00 Tralling-edge radius 0,032

NATIONAL ADVISORY
COMMITTEE FOR AENONAUTICS.
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TABLE II

DESCRIPTION OF VARIOUS TEST CONFIGURATIONS FOR THE SPOILER AILERON FLAP MODEL
FOR THE HUGHES XF-1l1 AIRPLANE

(See figures 2 and 3 for general arrangement.)

All dimensions unless otherwise noted are given in percent of airfoll chord

- Spoiler| Spoller
Confi ation | Spoller .
Nﬁgier Thickness|Forverd | Rear Spoller surface conditions
Gap Gap

1 1.0 0.1% 1.00 Both faces radial, no roughness.

2 1.0} 0.13 0.77 Both faces radial, no roughness.

3 1.04 0.13 0.51 Both faces radial, no roughness.

L 1.04 0.13 0.2, | Both faces radial, no roughness.

5 0.28 0.13 1.00 | Spoiler beveled 30° on upper face,
lower face radial, no roughness.

6 0.28 0.13 1.00 Sgoiler beveled 10° on upper face,

eveled 17° on the lower face, no
roughness.

7 0.28 0.13 1.00 | Spoiler bayveled 10° on upper face,
beveled 17° on the lower face,
roughness on upper face.

8 0.28 0.13 1.00 Spoiler beveled 17° on both faces,
no roughness.

9 0.28 0,13 1.00 Spoiler beveled 17° on both faces,

Toughness on upper

face.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS.
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TABIE III
SPOILRR SURFACE AND CHAMEER PRESSURES FOR THE SPOIIER AIIERON FLAP MODRL FOR THE HUGHES XP-11 AIRPLANE NATIONAL ADVISORY
(For loocation of pressure tubes see figures 3 and 5, ) COMMITTEE FOR AERONAUTICS
(Configuration number 1; Reynolds number = 2.50 x 10°; Mach number = 0.18 :
s—»] 1 [ 2 [ 3 [ L T s 1 & "7 | B8 1 o Ta0 22 {32113 1 a4 25 J 16 | 171 2871 197 201 21
Tast conditions ] [ | ] | | N { | 11 1 1 1 I | i i
L2 Sy ¢ _ Presaure coefficient, 8
| (dag) | (deg)) I I
0 Q !0, 0.792] 1. 2071 3,297 12,2871 1.285] L, 2871 1. 207 [1.29311.297 |2 297 | 222951 22292 ] 1. 292 1,092 L <& 12850211291
=10 0 11.06811.00611.02010,781]3.2L511.231(1,185(1,163[1,15671,165(1:2687¥2 15811 ,168]1.16%311.17011,17 N 217011,12211,25211,18%
-t o) R 1.10611 0.37L10.L6811.221 11 33011 .3%0]1. 257 (1. 25012 25511, 27501 ,28711.283 11 2871, 28711.27811.26711,195(1,% 2275
0 2 Q .12611.066]1,3L510.27210,36L10.376(1.09011 2,081,560 11.21111. 1.330[1. shi1.2559[1.305]11.3 )2 ¥ . 2331
0 - 0 11,047(0,92511.13110,209]0.29810.22610,22810,362]1,57111.32001. 35l 1. 365]1.0,05]1, 0011, 3781135017, .50711.381
9 o 11.01810.86710.996]0.201]Q,28570.310[Q o.x08l0,38811, 50511, 6711167011 20f1. 0011 1.10011,38211,368 11,253 1,20l 1,320
0 =50 0_10.97070.791]0.817(0.19210.26610.29210 o.1210.32 1 92y 1. 0780 ety By hazla 021 11.503711,39811,17811,20211 104
2.0%8] =52 0,95810.77410.72800.21310,31610.328/0,350[ 0. 3521 0,262 11,4726 11 L6811 6511 Jiol1 1. 102012.02011. 50911 ,16611.198
~ g.957t Q. 77210.672] 0,300l 0. [igolo gL to JA7To L 7 o oo Th il T3, L.4700 . 05201055 11,052 11, L2 b1, 001,296 [1.22111.110
. 1.287]1.13511.098(1,28511,28,11,28011,27711,27711. 1.28001.28001.28011,27711.27711.28011,28011,277 0l1.2791.287 1 .28
5. 08! = 1.100]1.05512 0.91911.22711.228[1.208]1, 1.19211.18911.19313.19%11.19711,19911.20211,20112.20%11,19911,17911
_4.081-20 Q 11.11511,02210.976]0.68010,71870.555:1,.21611,3283]1.277 1. 20 11,2681 28011 .29011. 28711, 1.293[1., 1:28001, 1.3L0
208] ~ 0 11.0 .978]0 0.549/0.60410.595(0.8al (1. L08T1,0L5011.327]1.3501 1. 350 11,357 %254 T E NPT b1
LOR! - Q0 11,0%01 0,861} 0,80 o.Eéz 0,53110.53910,53110, 1.58511.305]1,37611,37310, 1a 1,50013,38511,%365 1,33; 1.271 13,505 N.371
081 =L§ 1.00410, 0.76810,L61[0.51210.51910,53110,50710,63011.57L 11.682611.60011. 3611, 3011 25 [ Ja511.000 1.3 L207 11,328 11,315
5. 08] =52 0,908/ 0,758] 0,661 0.11231 0. 0751 0.1L8510.18710 18310, L8711 .],9011 105601 06813 s8I 030 (1028 1,221 N oh=x 11 3]0
-8.12] 0__10.851[0.64070,52710,576]0,63210,640]0.635]0,628 0.6% 1,480(1,0L7611.46012,4L551.0 L5811, L2811 ,018 11035 [1, 111,195
9 0 1.21501,19711,19813,238(1,2%8]1.230811,23811.238(1,238(1,2L011.20011,2h013 . 2L011.2h011.2L013, 1 g&é}
- 0 11,10001,108F1 1.07811,20311,10511,18701,083 11,180 11,183 11.183[2.18512.28513,185 10, 187128711 38711185 b 18013007 11,1687
=2 0 1.08001 0.95710.9711{1.287]1.28911.28311.25511.25711.255(1.,268(1.275(1.27511.27711.27711.27% 1.267 11 .0%7 11,099 11 27%
HEET) 0 J1.110[1.03%10,96810.87210,89510,88911,190/1,.26511.38811,.231511,323 1. 331 1. 3271130311, 1.3%2 11,325 11.2 1.329
9.1~ Q 7[0.85610, 0.33610.83010, 0.B82811.07611, 36911.36511,38511, 380 | 1.375]1.282 11,356 [1,295 | 359
9,141-L5 0 11.006{0.87%|0,806]0.782(0, 0,808{0,80210,78610,89%311,1;7811 5211, 1,00%11,.39911, 1,392{1 1.87% 1,3 RN
g =5 0,921/ 0.75810,68 0.73% 0,762 0.76L10,76010,752]10,7L211 6L 1. A2 581, 103211, .E%EtL 7 11,0407 0.255 1. 1.2.1
10.15]-52 Q_[1,% 0,7%2]:0,79810.825]0.82510,82110,81210,805[1. 5511, i53[1, 1, 2.u2311, 2507 2 [1.0402 11,267
12.18] -52 9 10,9980, 0,837/ 0,92510.9421 0,940l 0,93 {0,922 0,912 ng 100371, 1. 1.02671.50711.110011.396 1,397 11,287 1300 11,258
9 0 20 11,5 1.592] 1.5 .59211.59211,59211.59211.59211.98811,590]1,59211,599211,59211.592 1.23;, g 5 A5 cR P . £01
9,14 -10 20 [1.3 .350]1,%271 1. 3171272 INASTERACI AT AN AN FNA AP N PR A N g b7 | 17l 5%
=20 0 11.397]1.29%/1.255/1.10311,167(1.508]1,51L11,506]1.476]1. 1.48511.49311.50011,.500]1,50011.50012.497 [1.491 1462 11,521 L Lo
9 - 22300 1.19011,1L8(1,05311.07712,068[1,%961,.57611.59711.528]1.53811.500]1.54611.552]1.550 11,5521 253) 7i.5901.538 |
1] =40 20 11.21211.09111.02210,990(1,01812.013]1.,003]1.008[1.6791.562[1.58211.576121.50)11.59311,590]1.58211.567 1. g 1,655 [1,5¢
9. 140~ 2 1.17911.05210,98500.96910,992[n.990l0,.97710.060]1 07811 .478[1 . 7101 .A8q 11 E97171 . 692 11, 590 [1.5 573 gg= :_:Eaﬁ 5 5
- 20 11,00810,90610,876/0,92910.95210.962]0, 0.935[0.92711.672]1. 67011 67001, B3 11, 1.6 1295 . 52 2
=10.15] 52 0 11.12610,97811,17010,19%10.2351 0,250/ 0 25010, 24510 29011 .70511 40011 . 6Bs 1. ARO[ 66011 . 4341130611590 1582 B.216 . B
=8. GF- 21 1.006112.,29010.22510,28310.28110.29010.296[0.31611 . 24511 . 735 (1. 720 11 70217 . 681 |3 . 6501, 825 5 0.5l 2 0.275
~b.0f -52 0 T1,%8002.01711 0, 0.288[0.307[0.318[0.320] 0.340(1.79711.7R8 11 . 785 [1. 75011738 11,713 11, 690(1.675 & .66% B .L05 R.530 D3¢
.06l =52 1.1808 0.97911 0180 .29l 0.3300 0.3 0l 0 358 1o 35810 x99 11 (R38 11 Bo7 13 Bos |1 2471 7721 756 1 . 724,720 0,
=10 0 11.71001.82217.56500.61801. 010 1,931 01 Bod 1 . B76[a B0l (862186 | 87811 . 8780 . BBz [1 . 3R [1 A2 : 7 Ba
a =20 111201317120';1082112%1166]1_'7_'711'7{]11?'7111‘113!1125.1125.1127112 1.12211,1%2 1,127 11.539 11.621 5
=30 1.22312.19911.15710.95710.995]0.980(1 . 600]3 .47 A BN G ENA I A RS TA LN 1.60911. 60611605 1,595 1 .E53 [1.69]1 11507
060 =15 1. 717 1. 0,968/ 0.885]0,902[0n.900] 0,88910.870(1 . 22211.81511,852]11.85701.770 15 (78413 76911 76981762 10,209 11 607 11,636 R L6558
L06] =52 1.1261 0.9111 c.Bosi 0.7931 0.825) . Blol0.83710.8271 0. 82812 9001, 83311 .85 [1.823] 1. 826 |1 01411 .7 785 1,783 11.579 11 .685 1541
L 12] =62 1.72011.0681 0,998 1,08111,07%1.078]1.0%71]1.08311. 0581 87511 187000 . 82611, 82010 .602(1.79001.78% N . 777 B35 11 .AL7T C
10. o 1,89111,88501.90211,950(1.96011.,960]11,96011.960[1.98011.96011.,96211.962 (1. 96917, 1.98211.9 1.958 9|
10.151-10 0 257711055111, «53511.656501.60211.633]1,63011,630(1.63001.8%011.8%011.06%01(7.6%011.6%0F1.8%001.6%2 [1. JA03 [1.24%
T0.15[ =20 n 1, 1.39011,5721 1,34 711,305 1.59211.60001.520 11.922(1 92211 .52l fn .52l 11,506 11,581 (0, s%3 00, 5%3 11,531 11,508 11.5 5%
10.15 - 0 2 L3237 22 L30111.28711,86911.632]1.86211.61711. 81911820 11,810 11,8171 1 12 g& 287
0.15[< L. 36711.28%]1, 20311,26%11.25011,22011,22%11,79L11.70%1,71012.708]2,703 11,7003 .698 [1.499 1., i
0.15]= L 1.16el1.19511,218(1.215(1, 2.10301.219]1, 1.703]1.70511 1.70501,702 11,698 11,695
0.15] -2 T.e761 1,237 07211, 1.19511.19671,19001,348%(1.27512.89511.90211,91313, 84712 . 847 11,887 11, 8101 . HOg .
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. NACA
~ LMAL 42238

(a) Three-quarter front view of model showing the spoiler webs.

Figure 2.- Photographs showing the spoiler arrangement and the chordwise slots in the

airfoil upper surface for the spoiler webs. Spoiler aileron flap model for the Hughes
XF-11 airplane.
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(c) Three-quarter top view of model showing the spoiler aileron slots in the airfoil
upper surface,

~ Figure 2.- Concluded.
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The spoiler deflection is measured

Spoller webs are located from airfoll upper surface to the

5.031 and 1L.967 inches

either side of the
model centerline.

upper face of spoiler; the sign is
negative for spoiler deflections
abowve alirfoil surface and is positive

’ \\\ for deflections below airfoll upper
/' -520 h surface.
!
VN i
0.0531 I 3R
N /RN 0°
- - LA N
Secag — -\\ ~
~S Il .
] ~~ N
SN Teot
~o N\
~o N
\\\
0.664 A&
. N [40°
e 0.25
1,000

Airfoil chord, 24.00 in.
Spoliler span, 33.hl in.

All dimensions are given in

rr.ﬁ:ﬁ:‘: :::::1.. n:ado Gap dimensions oller aileron dimenuiofﬁel-
Front gap Rear gap Thicknessa Mean radius
N B c t Ry
N 0.0013 0.0100 0.020; | 0.084%
B 0013 .0077 .0028 ,0881
0013 .0051 —
.00 13 .0024

10, 17, and 30 degree bevels were cut
0.28 -percent chord thick spoileér-

on the

rim 3."

Spoiler chamber oriflices

airplane.

Carborundum roughness was applied to thia face of the spoiler ailera

NATIONAL ADVISORY

Sketch showing the general model arrangement, spoller, and spoller slot details for the spoliler alleron flap model
for the Hughes XP-i1

COMMITTEE FOR AERONAUTICS.
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Figure li.- Sketch showing the chordwise slots in the airfoil upper surface
for the spoliler webs for the 0.28-percent airfoil chord spoiler. Spoiler

aileron flap model for the Hughes XF=-1ll alrplane. '




MR No. L5C29

Orifices 19, 20, and 21 are in
spoller slot and are shown
in figure 3.

2 av‘
Al]) dimensions are given
in inches and were measured
along each surface.

41585

- - rEry
\\._._-LL._:_J._I

]
NV

Flgurs 5.~ 8ketch showing the location of the pressure orifices in the
1.04=percent airfoil chord spoiler for the spoiler aileron flap model
for the Hughes XF-1l airplane.
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MR No.

H
The svoiler projection was measured

normal to the airfoil upper surface

as shown.
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Configuration

3
(deg) No.

Spoller deflection, &
= o

(b) o, = 7.11°%

Figure T.~ Concluded.

Spoilé; rear gap
dimension

{percent airfoil chord)i:

, deg
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e e, Configuration Spoller bevel angle

No.
(deg) . .
o 0 8 17° on both, faces
= SHm o0 5 30° upper face, lower
face radial
= £E¢ 2.03 6 10° on upper fase,

_17° o lower face

Section hinge-moment coefficlent,
1
|

TEs Spoller deflection, 8

5 » Gog

Figure 8.- The effect of spoller bevel angle on the sectlon hinge-moment and lift characteristiocs of the spoiler alleron flap
model for the Hughes XF-11 airplane. Spoller upper face smooth; br = 0°; R =2.5x 106; LIT test 392.

a, 4 guration Spoiler bevel angleE—|-—

17° on both faces =
10° on upper face, =
17° on lower face =

il

I

Section hinge-moment coefficient,

' uA'notnL
comim! ok mmu

i{8estion 11t coerfiolent, o

Eaﬁgﬁ = E_Z'Spoilér deflection, [

s’ Spoller deflsction, 6, , deg =

Figure 9.~ Section hinge-moment snd 1ift characteristics for the spoller alleron flap model for the Hughes Xr-n.lirpim. . B
Spoller upper face rough; 61. = 0°; R =2,5x 106; LTT test 392.
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1 T 1111+t t0 HI TRE 2t

o
{deg) [
0 T

2.03
6.08 |
8.12 |

10.15

Configuration number 9; R = 2.5 x 106; LIT test 393.

gy pgol Lol | ol | l-qo] [ L[ 1ol LT .. [ ]
. ! : Spoiler deflection, 8., deg : : o 4 o_i . ;
Lo 1L T O e
S ! ! . ' i
i AR A i L
Figure 10.- Section hinge-moment and 1lift characteristics for the spoiler alleron flap model for the Hughes XF-1l airplsne,

c

Section 1ift coefficient,
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i Section lift coefficient,

i

e

. Section pitching-moment:
coefficient cp
<
4

T
(I.) 6:-0

Figure 11.- Seotion 1lift md §1tch1ng-moment chnracteriatica ror tha spoilez- nileron flap
modol for the Hughea XF-11 airplane. Configuration number 9; R = 6.0 x 106; w7 -
»

tests 799 and
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Configuration number 9.
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